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(54) Sensing device for measuring nitrogen oxides 



(57) Disclosed is a sensing device to be used to 
know the NOx concentration in a measurement gas, 
comprising a first chamber (54) for introducing the', 
measurement gas thereinto through a first diffusion rate- 
determining section (58), a second chamber (56) for in- ' 
troducing an atmosphere in the first chamber (54) there- 
into through a second diffusion rate-determining section 
(60), a main pumping cell (68) for controlling a partial 
pressure of oxygen in the first chamber (54), a measur- 
ing pumping cell (84) for pumping out oxygen in the sec- 
ond chamber (56), and a current-detecting means (in- 
cluding an ammeter (88)) for detecting a pumping cur- 



rent (Ip2) allowed to flow in accordance with operation 
of the measuring pumping cell (84). An inner pumping 
electrode (64) and a measuring electrode (72) exposed 
to the inside of the first chamber (54) are composed of 
cermet electrodes containing an altoy comprising Au of 
not less than 0.01 % and less than 1 %, and the balance . 
principally composed of an element of the platinum 
group! Accordingly, it is possible to measure the con-' 
centration of NOx in the measurement gas in a stable 
manner for a long period of time in a broad temperature ' 
range, without being affected by, for example, oxygen, 
CO^and H^O — V K-.V'H y.^- M ' .. '\ 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to a sensing device 
for measuring nitrogen oxides contained in, for example, 
atmospheric air and exhaust gas discharged from vehi- 
cles or automobiles. It is herein noted that when the me- 
tallic composition is described merely by using %, the 
description refers to % by weight, unless otherwise 
specified. - - • 

Description of the Related Art: ' - , ' : 

Exhaust gas, which is discharged, for example, 
from vehicles or automobiles such as gasoline-fueled 
automobiles and diesel powered automobiles, contains 
nitrogen oxides (NOx) such as nitrogen monoxide (NO) 
and nitrogen dioxide (N0 2 ), as well as carbon monoxide 
(CO), carbon dioxide (CO2). water (H 2 0), hydrocarbon 
(HC), hydrogen (H 2 ), oxygen (0 2 ) and so on. In such 
exhaust gas, about 80 % of the entire NOx is occupied 
by NO, and about 95 % of the entire NOx is occupied 
byNOandN0 2 . -.v. ... - 

The three way catalyst, which is used to clean HC, - 
CO, and NOx contained in the exhaust gas, exhibits its 
maximum cleaning efficiency in the vicinity of the theo- r 

. rettcal air fuel ratio (A/F = 14.6).. If. A/F is controlled to 
be not less than 1 6 t the amount of produced NOx is de- . 
creased. However, the cleaning efficiency of the catalyst 
is lowered, and consequently the amount of discharged^ 
NOx is apt to increase. - . ... ;.. j . 

Recently, in order to effectively utilize fossil fuel and 
avoid global warming, the market demand ; increases, for 
example, in that the discharge amount of C0 2 should 
be suppressed. In order to respond to such a demand, . 
it becomes more necessary to improve the fuel efficien- 
cy, in response to such a demand, for example, the lean^ 

' burn engine and the catalyst for cleaning NOx are being 
researched. Especially, the need for a NOx sensor in- 
creases. 

A conventional NOx analyzer has been hitherto 
known as an instrument for detecting NOx. The conven- 
tional NOx analyzer is operated to measure a charac- 
teristic inherent in NOx, based on the use of chemical 
luminous analysis. However, the conventional NOx an- . 
alyzer is inconvenient in that the instrument itself is ex- 
tremely large and expensive. The conventional NOx an- ■ 
alyzer requires frequent maintenance because, optical 
parts are used to detect NOx. Further, when the con- 
ventional NOx analyzer is used, any sampling operation 
should be performed for measurement of NOx, where it 
is impossible to directly insert a detecting element itself 
into a fluid. Therefore, the conventional NOx analyzer is 
not suitable for analyzing transient phenomena such as 
those occur in the exhaust gas discharged from an au- 



tomobile, in which the condition frequently varies. 

In order to dissolve the inconveniences as de- 
scribed above, there has been already suggested a sen- 
... -sor for measuring a desired gas component in exhaust 
5 gas by using a substrate comprising an oxygen ion-con- 
ductive solid electrolyte. 

FIG. 1 1 shows a system of a gas analyzer disclosed 
in International Publication WO 95/30146. This appara- 
tus comprises a first chamber 4 into which a measure- 
10 nnent gas containing NO is introduced through a narrow 
hole 2, and a second chamber 8 into which the meas- 
urement gas is introduced from the first chamber 4 
- * through a narrow hole 6. Wall surfaces for constructing 
the first and second chambers 4, 3 are composed of par- 
's tition walls 1 0a, 1 0b made of zirconia (Zr0 2 ) capable of 
: transmitting oxygen ion. A pair of measuring electrodes 

• • 12a, 12b and a pair of measuring electrodes 14a, 14b 

for measuring the partial pressure of oxygen in the re- 
spective chambers are arranged on portions of one 
20 2r0 2 partition wall 10a corresponding to the first and 
. second chambers 4, 8 respectively. A set of pumping 
electrodes 16a, 16b and a set of pumping electrodes 
1 8a. 1 3b for pumping out 0 2 in the respective chambers 
to the outside of the chambers are arranged on th e other . 
25 2r0 2 partition wall 10b. \ "' : : V > 
The gas analyzer thus constructed functions as fol- 

* :lows. Namely, the partial pressure of oxygen contained 

in the measurement gas introduced into the first cham- 
ber 4 through the narrow hole 2 is detected by a voltme- 
30 ter 20 as an electric potential difference generated be- 
. tween the measuring electrodes 1 2a, 1 2b. A voltage of 
.100 to 200 mV is applied between the pumping etec- ; 
trodes 16a, 16b by the'aid of a power source 22 so that 
the electric potential difference is adjusted to have a pre- 
35 determined value. Accordingly, 0 2 in. the first chamber 
4. is pumped out to the outside of the apparatus. The . 
amount of pumped out oxygen can be measured by us- 
• : ing an ammeter 24. . ...... .^y. v'^.~-;„. — -r^-v 

■ . The measurement gas, from which almost all O z 
40 . has been removed, is introduced into the second cham- 
ber 8 through the narrow hole 6. In the second chamber 
8, an electric potential difference generated between the 
r , measuring electrodes 14a, 14b is detected by a voitme- 
~ ter 26. Thus the partial pressure of oxygen in the second . 
45 chamber 8 is measured. On the other hand, NO con- 
tained in the measurement gas introduced into the sec- 
... ond chamber 8 isdecomposed as follows by the aid of 
, ; ; a voltage applied between the pumping electrodes 18a, 

18b by means of a power source 28: 
'"soJi"' > ..' .;. ..j?r r u . .. ■ * . 

: * NOU(1/2)N 2 + {1/2)0 2 

.. 0 2 produced by the decomposition is pumped out to the 
55 outside of the second chamber 8 by the aid of the pump- 
ing electrodes 18a, 18b. A value of an electric current 
generated during this process is detected by an amme- 
ter 30. Thus the concentration of NO contained in the 
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measurement gas is measured. 

From a certain viewpoint, it is considered to be de- 
sirable that Au or an alloy comprising Au of 1 % and the 
balance of Pt, which has a low N Ox-decomposing abil- 
ity, is used at least for the inner pumping electrode 16b s 
of the oxygen pump based on the use of the electro- 
chemical cell provided for the first chamber 4. However, 
such an electrode, which is composed of only Au or. 
composed of the alloy comprising Au, is deficient in heat 
resistance. Therefore, it is feared that when such an io 
electrode is used for a long period of time, its electrode 
function is lowered due to sintering, and it becomes im- 
possible to sufficiently operate the electrode as an oxy- 
gen pump. 

75 

SUMMARY OF THE INVENTION 

The present invention aims to overcome or to amel- 
iorate the disadvantages involved in the conventional 
measurement for nitrogen oxides as described above 20 
and aims to provide a sensing device for measuring ni- 
trogen oxides, which makes it possible to measure, for 
example, the concentration of NOx in a measurement 
gas in a stable manner for a long period of time in a 
broad temperature range, without being affected by, for 25 
example, oxygen, C0 2 , and H 2 0. 

According to the present invention a sensing device 
for measuring nitrogen oxides is provided, comprising a 
main pumping means including a pair of first and second 
pumping electrodes, the first pumping electrode being 30 
arranged in an area into which a measurement gas is 
introduced 1rom external space, tor performing a pump- 
ing process for oxygen contained in the measurement 
gas introduced from the external space, on the basis of 
a control voltage applied between the pair of pumping 3S 
electrodes so that a partial pressure of oxygen in a proc- 
ess atmosphere is controlled to have a predetermined . 
value at which NO is not decomposable; and an electric 
signal-generating conversion means including a pair of 
first and second detecting electrodes, the first detecting 40 
electrode being arranged in an area into which the' 
measurement gas is introduced after being subjected to 
the pumping process performed by the main pumping 
means, for providing, by conversion, an electric signal 
corresponding to an amount of oxygen contained in the 45 
measurement gas after being subjected to the pumping 
process performed by the main pumping means; where- 
in at least one of the electrodes exposed to process 
spaces for processing the measurement gas introduced 
from the external space contains an alloy comprising Au so 
of not less than 0.01 % and less than 1 %, and the bal- 
ance principally composed of an element of the platinum 
group. 

According to the present invention, at first, the ox- 
ygen in the measurement gas introduced from the ex- ss 
temal space is subjected to the pumping process per- 
formed by the main pumping means, and the oxygen is 
adjusted to have a predetermined concentration. The 
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measurement gas, in which the oxygen concentration 
has been adjusted by the main pumping means, is in- 
troduced into the electric signal-generating conversion 
means in the next step. The electric signal-generating 
conversion means performs conversion into the electric 
signal corresponding to an amount of oxygen contained 
in the measurement gas after being subjected to the 
pumping process performed by the main pumping 
means. After that, the nitrogen oxides contained in the 
measurement gas are measured on the basis of the 
electric signal supplied from the electric signal-generat- 
ing conversion means. 

Especially, in the present invention, at least one of 
the electrodes exposed to the process spaces for 
processing the measurement gas introduced from the 
external space contains the alloy comprising Au of not 
less than 0.01 % and less than 1 %, and the balance 
principally composed of the element of the platinum 
group. The electrode containing the alloy has an ex- 
tremely low activity as a nitrogen monoxide-decompos- 
. ing catalyst, and it does not decompose NO even at a 
low partial pressure of oxygen. Therefore, the oxygen, 
which behaves as a disturbing component for the meas- 
. urement of the nitrogen oxides, can be eliminated to be 
substantially zero, without exerting any influence on the 
measurement of the nitrogen oxide. As a result, the ni- 
trogen oxides contained in the measurement gas can 
be measured highly accurately and stably by the aid of 
a measuring pumping means and a current-detecting 
means. " '' "* " ■ ■ • , '. !*' 

The sensing device may further comprise the meas- 
uring pumping means and the current-detecting means 
to serve as the electric signal-generating conversion 
means, in this preferred embodiment, the measurement 
gas, in which the oxygen concentration has been adjust- 
ed by the main pumping means, is introduced into the 
measuring pumping means. - " ■ - ~ ."" V , 

The oxygen in the measurement gas is subjected 
to a pumping process by the aid of the measuring pump- . 
ing means on the basis of a measuring voltage applied 
between a pair of first and second detecting electrodes. 
A pumping current is generated in the measuring pump- 
ing means, corresponding to an amount of oxygen sub- 
jected to the pumping process performed by the meas- 
uring pumping means. The generated pumping current 
is detected by the current-detecting means. Thus the ni- 
trogen oxides are measured, corresponding to the 
amount of oxygen. \ 

As for the measuring pumping means, a pumping 
voltage sufficient to decompose the nitrogen oxides is 
applied between the pair of detecting electrodes, and/ 
or the measuring pumping means is arranged with a ni- 
trogen oxide-decomposing catalyst for decomposing 
the nitrogen oxides. In such an embodiment, oxygen is 
produced from the nitrogen oxides decomposed by the 
action of the pumping voltage and/or the action of the 
nitrogen oxide-decomposing catalyst Th produced ox- 
ygen is subjected to the pumping process, and the 
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pumping current thereby generated is detected by the 
current-detecting means. Thus the nitrogen oxides are 
measured, corresponding to the amount of oxygen. 

In another preferred embodiment, the sensing de- 
vice of the present invention may further , comprise a 
concentration-detecting means and a voltage-detecting 
means to serve as' the electric signal-generating con- 
version means. In this embodiment, the measurement 
gas, in which the concentration of oxygen has been ad- 
justed by the main pumping means, is introduced into 
the concentration-detecting means in the next step. The 
concentration-detecting means generates an 'electro- 
motive force of an oxygen concentration cell, corre- 
sponding to a difference between an amount of oxygen 
contained in the measurement gas after being subjected 
to the pumping process performed by the main pumping 
means and an amount of oxygen contained in the gas 
existing on the side of the second detecting electrode. 
The generated electromotive force is detected by the 
voltage-detecting means. Thus the nitrogen oxides are 
measured, corresponding to the amount of oxygen. 

In still another embodiment the concentrating-de- ' 
tecting means is arranged with a nitrogen oxide-decom- 
posing catalyst for decomposing the nitrogen oxides. 
Accordingly, an electromotive force of an oxygen con- 
centration cell is generated between the pair of detect- 
ing electrodes, corresponding to a difference between 
an amount of oxygen produced from the nitrogen oxides 
decomposed by the action of the nitrogen oxide-decom- 
posing catalyst and an amount of oxygen contained in 
the gas existing on the side of the second detecting elec- 
trode. The generated electromotive force is detected by 
the voltage-detecting means. Thus the nitrogen oxides 
are measured, corresponding to the amount of oxygen. 

It is preferable for the sensing device constructed 
as described above that the electrode containing the al- 
loy has an Au content of not less than 0.03 % and less 
than 0.8%. .-. . .; ' . .... _/ 

Namely, when the electrode containing the alloy is 
composed of a cermet, if the amount of Au is not less 
than 0.8 %, clogging is apt to occur due to sintering dur- 
ing the firing step for the electrode, and the function to 
serve as the oxygen pump is lowered. Therefore, it is 
preferable that the amount of Au is less than 0.8 %. 

On the other hand, in order to increase the meas- 
urement accuracy for the nitrogen oxides, it is necessary 
to decrease the offset component which appears in a 
detected value (a current value or a voltage value) ob- 
tained by the measuring pumping means or the concen- 
tration-detecting means, as small as possible. However, 
if Au is added in an amount of not more than 0.01 %, 
the catalytic activity is not sufficiently lowered. For this 
reason, the decomposition of MO unfavorably occurs, 
and it becomes difficult to correctly measure the amount 
of the nitrogen oxides, in a range of the electromotive 
force of the oxygen concentration cell necessary to 
pump out the oxygen co-existing in the measurement 
gas without causing any decomposition of the nitrogen 



oxides. : 

Therefore, it is preferable that the electrode contain- 
ing the alloy has an Au content of not less than 0.03 % 
and less than 0.8 %. 
s It is possible to use, for example, Pt and Rh as the 
element belonging to the platinum group, which serves 
as a major component of the alloy. Especially, an alloy 
of Pt and Au is preferred from a viewpoint of the low 
catalytic activity. 
io The sensing device constructed as described 
above may further comprise a concentration-detecting 
means including a pair of first and second measuring 
electrodes, the first measuring electrode being arranged 
to be opposed to the first pumping electrode of the main 
is pumping means, for measuring an electromotive force 
of an oxygen concentration cell generated correspond- 
ing to a difference between an amount of oxygen con- 
tained in the measurement gas during the pumping 
process performed by the main pumping means and an 
20 amount of oxygen contained in a gas existing on a side 
of the second measuring electrode; and a main pumping 
control means for. adjusting the control voltage for the 
main pumping means on the basis of the electromotive 
force detected by the concentration-measuring means. 
25 Accordingly, the electromotive force is generated in 
the concentration-measuring means, corresponding to 
the difference between the amount of oxygen contained 
in the measurement gas during the pumping process 
performed by the main pumping means and the amount 
30 of oxygen contained in the gas existing on the side of 
the second measuring electrode. The level of the control 
voltage applied between the pair of pumping electrodes 
of the main pumping means is adjusted on the basis of 
the electromotive force by the aid ol the main pumping 
3S control means. .. .... ,^ wV . . . :>i r: . . 

. The main pumping means performs the pumping 
. process for an amount of the oxygen in the measure- 
ment gas introduced from the external space, the 
amount corresponding to the level of the control voltage. , 
40 The oxygen concentration in the measurement gas is 
subjected to feedback control so that the oxygen con- 
centration is at a predetermined level by supplying, to 
the main pumping means, the control voltage having 
been subjected to the adjustment for^ the level as be- 
*s ' scribed above. . t , v , . - -\ ... ^- v .-*« 

It is preferable for the sensing device constructed 
as described above that the first pumping electrode ar- 
ranged in the area into which the measurement gas is 
introduced, of the pair of pumping electrodes of the main 
so pumping means, is composed of an inactive material 
having a low catalytic activity on the nitrogen oxides. In 
this embodiment, the nitrogen oxide-decomposing ac- 
tion on the first pumping electrode is suppressed more 
appropriately. . .. 

ss The sensing device constructed as described 
above may further comprise an auxiliary . pumping 
means including an auxiliary pumping electrode formed 
in the vicinity of the first detecting electrode, wherein the 
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oxygen contained in the measurement gas after being 
subjected to the pumping process performed by the 
main pumping means is subjected to a pumping process 
on the basis of a voltage applied between the auxiliary 
pumping electrode and the second detecting electrode. 

Accordingly, the measurement gas, which has been 
firstly subjected to the coarse adjustment so that the pre- 
determined gas component has a predetermined con- 
centration by the aid of the main pumping means, is fur- 
ther subjected to the fine adjustment for the concentra- 
tion of the predetermined gas component by the aid of 
the auxiliary pumping means. " - • 

In general, when the concentration of the predeter- 
mined gas component in the measurement gas in the 
external space greatly changes (for example, from 0 to 
20 %), the concentration distribution of the predeter- 
mined gas component in the measurement gas intro- 
duced into the main pumping means greatly changes.. 
The amount of the predetermined gas component intro- 
duced into the measuring pumping means or the con- 
centration-detecting means also changes. 7 * : -- T * : - 

In such a situation, the oxygen concentration in the 
measurement gas after being subjected to the pumping 
process performed by the main pumping means is finely 
adjusted upon the pumping process performed by the 
auxiliary pumping means. Significantly, the change in 
oxygen concentration in the measurement gas intro- 
duced into the auxiliary pumping means is' greatly re- 
duced as a result of the pumping process performed by 
the main pumping means, as compared with the change 
in oxygen concentration in the measurement gas sup- 
plied from the external space (the measurement gas in- 
troduced into the main pumping means). Accordingly; 
the concentration of the predetermined gas component 
can be accurately and constantly controlled in the vicin-" 
ity of the first detecting electrode of the measuring 
pumping means or in the vicinity of the first detecting 
electrode of the concentration-detecting means: 

Therefore, the concentration of the predetermined 
gas component introduced into the measuringpiumping 
means or the concentration-detecting means is scarcely 
affected by the change in oxygen concentration in the' 
measurement gas (the measurement gas introduced in- 
to the main pumping means). As a result, the pumping 
current value detected by the current-detecting means 
or the electromotive force detected by the voltage-de- 
tecting means is not affected by the change in concen- 
tration of the predetermined gas component in the 
measurement gas. Thus a value is obtained, which ac- 
curately corresponds to the amount of the objective 
component existing in the measurement gas. 

In the sensing device for measuring the nitrogen ox- 
ides according to the present invention, the second 
measuring electrode is arranged at a position exposed 
to a space into which the reference gas is introduced. 
Thus the oxygen contained in the measurement gas can 
be compared with the oxygen contained in the reference 
gas, making it possible to detect the oxides more accu- 



rately. ' .'*'". 

* Especially, it is preferable that the second measur- 
ing electrode and the second detecting electrode are 
combined into a common unit. In this embodiment, a 
common electrode, which serves as both of the second 
measuring electrode of the concentration-measuring 
means and the second detecting electrode of the meas- 
uring pumping means or the concentration-detecting 
means, is exposed to the reference gas-introducing 
space. The common electrode can be defined as a ref- 
erence electrode for the respective detecting processes 
performed by the concentration-measuring means, the 
measuring pumping means, and the concentration -de- 
tecting means. In accordance with this definition, the 
first measuring electrode of the concentration-measur- 
ing means, and the first detecting electrode of the meas- 
uring pumping means and the concentration-detecting 
means can be defined as a measuring electrode and a 
detecting electrode respectively. T ; * / 

The main pumping means may include inner and 
outer pumping electrodes formed at the inside and the 
outside of a first chamber surrounded by substrates 
composed of solid electrolytes, for introducing the 
measurement gas thereinto, and the substrate inter- 
posed between the both electrodes: " ' : 4 ' ; A 

The measuring pumping means may include the de- 
tecting electrode formed at the inside of a second cham- 
ber surrounded by substrates composed of solid elec- 
trolytes, for introducing the measurement gas thereinto 
after being subjected to the pumping process performed 
by the main pumping means, a reference electrode 
formed at the inside of a reference gas-introdudng 
space surrounded by substrates composed of solid 
electrolytes, for introducing a reference gas thereinto, 
and the substrate interposed between the' detecting 
electrode and the reference electrode. * 

'The concentration-detecting means may include 
the detecting electrode formed at the inside of a second 
chamber surrounded by substrates composed of solid 
electrolytes, for introducing the measurement gas there- 
into after being subjected to the pumping process per- 
formed by the main pumping means, a reference elec- 
trode formed at the inside of a reference gas-introducing 
space surrounded by substrates composed of solid 
electrolytes, for introducing a reference gas thereinto, 
and the substrate interposed between the detecting 
electrode and the reference electrode. 

The concentration-measuring means may include 
the measuring electrode formed at the inside of the first 
chamber surrounded by substrates composed of solid 
electrolytes, for introducing the measurement gas from 
the external space thereinto, the reference electrode 
formed in the reference gas-introducing space sur- 
rounded by substrates composed of solid electrolytes, 
for introducing the reference gas thereinto, and the sub- 
strate interposed between the measuring electrode and 
the reference electrode. 

The sensing device constructed as described 
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above may further comprise a first diffusion rate-deter- 
mining section for giving a predetermined diffusion re- 
sistance to the measurement, gas, provided at a pas- 
sage for introducing the measurement gas from the ex- 
ternal space into the first chamber, and a second diffu- 
sion rate-determining section for giving a predetermined 
diffusion resistance to the measurement gas, provided 
at a passage for introducing the measurement gas into 
the second chamber after being subjected to the pump-, 
ing process performed by the main pumping means. 

.The sensing device constructed as described 
above may further comprise a third diffusion rate-deter-, 
mining section for giving a predetermined diffusion re- 
sistance to the measurement gas, provided at a pas- 
sage for allowing the measurement gas in the second 
chamber to approach the detecting electrode. . 

The sensing device constructed as described 
above may further comprise a heating means for heat-, 
ing the respective substrates for constructing the first 
and second chambers to predetermined temperatures. 
Accordingly, the operation for detecting the nitrogen ox- 
ides is performed after the first and second chambers 
are heated by the heating means to the predetermined 
temperatures. Thus the oxygen is detected with a high 
degree of accuracy by the aid of the measuring pumping 
means or the concentration-detecting means. . 

Preferably, the solid electrolyte is an oxygen ion- 
conductive solid electrolyte based on the use of a ce- 
ramic such as Zr0 2 . Preferably, a porous material ca- 
pable of giving a predetermined diffusion resistance to 
the measurement gas is used for the first or second dif- 
fusion rate-determining section in order to provide de- : 
signed desired states of the measurement gas in the first 
and second chambers. . . v- r 

Preferably, an Rh cermet is used for the nitrogen 
oxide-decomposing catalyst for constructing the elec- 
trode or the catalyst arranged in the first and second 
chambers. .. ..... . .... .... - 

The above and other optional features and advan- 
tages of the present invention will become more appar- 
ent from the following description when taken in con- 
junction with the accompanying drawings in which em- 
bodiments of the present invention are shown by way of 
illustrative example. " , : . .. :> - 

DESCRIPTION OF THE DRAWINGS . . ]. ' ; ^ V'^ 

FIG. 1 shows a plan view illustrating a sensing de- 
vice according to a first embodiment. . . , ... 

FIG. 2 shows a cross-sectional view taken along a 
line A-A in FIG. 1. 

FIG. 3 illustrates the principle of measurement of 
nitrogen oxides, concerning the sensing device accord- 
ing to the first embodiment. 

FIG. 4 shows a characteristic of the sensing device 
according to the first embodiment, illustrating the dura- . 
bility in an exhaust gas discharged from a diesel engine. 

FIG. 5 shows characteristics of the sensing device 



according to the first embodiment, illustrating the rela- 
tionships between the pumping current in a main pump- 
ing cell and the pumping current in a measuring pump- 
ing cell, obtained for electrodes having respective com- 

5 positions. . ... ..... .• 

. FIG. 6 shows a cross-sectional view illustrating a 
modified embodiment of the sensing device according 
to the first embodiment. - - 

.FIG. 7 shows a cross-sectional view illustrating a 
io sensing dey iceaccording to a second embodiment. 
« . FIG. 8 shows a cross-sectional view illustrating a 
sensing device according to a third embodiment 

FIG. 9 shows a cross-sectional view illustrating a 
sensing device according to a fourth embodiment. . . 
'5 FIG . 1 0 shows a characteristic of the sensing device 
according to the fourth embodiment, illustrating the 
change in electromotive force generated in a measuring 
oxygen partial pressure-detecting ceil depending on the 
. change in NO concentration. • » ■., : 

6 . FIG. 11 shows a cross-sectional view illustrating a 
system of a gas analyzer concerning the conventional 
technique..,,.. ... . ., 

DESCRIPTION OF THE PREFERRED ' 
2S EMBODIMENTS^. -: y y: .... .... - : r *. .. [ v . ,-, 

Several embodiments, in which the sensing device 
for measuring nitrogen oxides according to the present 
invention is applied to sensing devices for measuring 
30 nitrogen oxides such as NO and NOj contained in, for. 
example, atmospheric air or exhaust gas discharged, 
from vehicles or. automobiles, will be explained below 
. ■ with reference to FIGs. 1 to 10. ^ rr . * y y > } t; 
. . t . At first, as shown in FIGs. 1 ,and 2, a sensing device 
3S 50 A according to a first embodiment has a lengthy plate- 
. shaped configuration as a whole, comprising, for exam- ; 
pie, five stacked solid electrolyte layers 52a to 52e com-, 
posed of ceramics based on the use of oxygen ion-con- 1 
. ductive solid electrolytes such as ZrO^. A first layer from 
40 the bottom is designated as a substrate layer 52e. Sec- 
ond and fourth layers from the bottom are designated 
. as first and second spacer layers 52d, 52b respectively. : 
Third and fifth layers from the bottom are designated as 
first and second solid electrolyte layers 52:c, 52a respec- 

45 tiVely. «v -^.^ .' t r \/. r . - - -..V .. - > • . ' 

Specifically, the first spacer layer 52d is stacked on 
the substrate layer 52e. The first solid electrolyte layer 
52c, the second spacer layer 52b, and the second solid 
electrolyte layer 52a are successively stacked on the 

so first spacer layer 52d. . , u 

A first chamber 54 for adjusting the partial pressure 
of oxygen in a measurement gas, and a second cham- 
ber 55 for finely adjusting the partial pressure of oxygen 
in the measurement gas and measuring oxides, for ex- 

55 ample, nitrogen oxides (NOx) in the measurement gas 
are formed and comparted by a lower surface of the sec- 
ond solid electrolyte layer 52a, side surfaces of the sec- 
ond spacer layer 52b, and an upper surface of the first 
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solid electrolyte layer 52c. 

A through hole (first diffusion rate-determining sec- 
tion) 58 for communicating the first chamber 54 with an 
external measurement gas-existing space is provided 
at a portion of the second solid electrolyte layer 52a cor- 5 
responding to the first chamber 54. 

The second spacer layer 52b is interposed at a front 
end of the sensing device 50 A between the first and sec- 
ond solid electrolyte layers 52c, 52a. A second diffusion 
rate-determining section 60 is interposed between the 10 
first and second chambers 54, 56. 

A space for introducing a reference gas, for exam- 
ple, atmospheric air to serve as a reference for oxide 
measurement (reference gas-introducing space 62) is 
formed and comparted by the lower surface of the sec- is 
ond solid electrolyte layer 52a, side surfaces of the sec- 
ond spacer layers 52b, and the upper surface of the first 
solid electrolyte layer 52c. 

Namely, the sensing device 50A according to the 
first embodiment has a configuration in which all of the 20 
first chamber 54, the second chamber 56, and the ref- 
erence gas-introducing space 62 are formed at the 
stacked position of the second spacer layer 52b, and 
. they are arranged on a substantially identical plane. 

The first and second diffusion-rate determining sec- 2S 
tions 58, 60 give predetermined diffusion resistances to 
the measurement gas to be introduced into the first and 
second chambers 54, 56 respectively. Each of the first . 
and second diffusion-rate determining sections 54, 56 
can be formed as a passage composed of , for example, 20 
a porous material, or a small hole having a predeter- 
mined cross-sectional area so that the measurement 
gas may be introduced. :' 

Especially, the second diffusion-rate determining 
section 60 is arranged and filled with a porous material 35 
comprising, for example, Zr0 2 , and thus the diffusion 
resistance of the second diffusion-rate determining sec- 
tion 60 is made larger than the diffusion resistance of 
the first diffusion-rate determining section 58. 

An inner pumping electrode 64, which is composed 40 
of a porous cermet electrode having a flat and substan- 
tially rectangular shape, is formed on an entire surface 
portion for forming the first chamber 54, of the lower sur- 
face of the second solid electrolyte layer 52a. An outer 
pumping electrode 66 is formed on a portion corre- 45 
sponding to the inner pumping electrode 64, of the upper 
surface of the second solid electrolyte layer 52a. An 
electrochemical pumping cell, i.e., a main pumping cell 
68 is constructed by the inner pumping electrode 64, the 
outer pumping electrode 66, and the second solid elec- so 
troiyte layer 52a interposed between the both electrodes 
64, 66. 

A desired control voltage (pumping voltage) Vpl is 
applied between the inner pumping electrode 64 and the 
outer pumping electrode 66 0/ the main pumping cell 68 ss 
by the aid of an external variable power source 70 to 
allow a pumping current Ipl to flow in a positive or neg- 
ative direction between the outer pumping electrode 66 



and the inner pumping electrode 64. Thus the oxygen 
in the atmosphere in the first chamber 54 can be 
pumped out to the external space, or the oxygen in the 
external space can be pumped into the first chamber 54. 

- A measuring electrode 72, which is composed of a 
porous cermet electrode having a flat and substantially 
rectangular shape, is formed on a portion adjacent to 
the second diffusion rate-determining section 60, of the 
upper surface of the first solid electrolyte layer 52c for 
forming the first chamber 54. A reference electrode 74 
is formed on a portion exposed to the reference gas- 
introducing space 62, of the lower surface of the first 
solid electrolyte layer 52c. An electrochemical sensor 
cell, i.e., a controlling oxygen partial pressure-detecting 
ceil 76 is constructed by the measuring electrode 72. 
the reference electrode 74, and the first solid electrolyte 
layer 52c. 

An electromotive force is generated between the 
measuring electrode 72 and the reference electrode 74 
of the controlling oxygen partial pressure-detecting ceil 
76 on the basis of a difference in oxygen concentration 
between the atmosphere in the first chamber 54 and the 
reference gas (atmospheric air) in the reference gas-in- 
troducing space 62. The partial pressure of oxygen in 
the atmosphere in the first chamber 54 can be detected 
by measuring the generated electromotive force by the 
aid of a voltmeter 78. ' 
- Namely, the voltage V1, which* is generated be- 
tween the reference electrode 74 and the measuring 
electrode 72, is an electromotive force of the oxygen 
concentration cell, generated on the basis of a differ- 
ence between a partial pressure of oxygen in the refer- 
ence gas introduced into the reference gas-introducing 
space 62 and a partial pressure of oxygen in the meas- 
urement gas in the first chamber 54. The voltage V1 has 
the following relationship known as the Nemsts equa- 
tion. " ' / 

. -i 1 '-/.-. B: gas constant; : : , ^ A 

;T: absolute temperature; : ,.; ■: v r 

. _ . ; F: Faraday constant;* ■V.-rtv 

P1(0 2 )): partial pressure of oxygen in the first 
chamber 54; - . - ; ..^ - 

P0(O^): partial pressure of oxygen in the reference 
gas. 

Therefore, the partial pressure of oxygen in the first 
chamber 54 can be detected by measuring the voltage 
V1 generated on the basis of the Nernsfs equation, by 
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the aid of the voltmeter 78. 

The detected value of the partial pressure of oxygen 
is used to control the pumping voltage of the variable 
power source 70 by the aid of a feedback control system 
80. Specifically, the pumping operation performed by 
the main pumping cell 63 is controlled so that the partial 
pressure of oxygen in the first chamber 54 has a prede- . 
termined value which is sufficiently low to control the 
partial pressure of oxygen in the second chamber 56 in 
the next step. 

As shown in FIG. 2. the sensing device 50A accord- 
ing to the first embodiment includes a detecting elec- 
trode 32 composed of a porous cermet electrode having 
a flat and substantially rectangular shape. The detecting 
electrode 82 is formed on a portion separated from the 
second diffusion rate-determining section 60, of the up- 
per su rface of the first solid electrolyte layer 52c for form- 
ing the second chamber 56. An electrochemical pump- 
ing cell, i.e., a measuring pumping cell 84 is constructed 
by the detecting electrode 82, the reference electrode 
74, and the first solid electrolyte layer 52c. 

The detecting electrode 32 can be constructed by 
appropriately selecting an oxide-decomposing catalyst, 
for example, an Rh cermet, a material having a low cat- 
alytic activity, or a combination of an oxide-decompos- 
ing catalyst arranged in the vicinity of a material having 
a low catalytic activity. '■ r 

In the first embodiment, the detecting eiectrode 82 
is composed of a porous cermet comprising Rh as a 
metal capab|eof reducing NOx as the measurement gas 
component, andzirconia as a ceramic. Thus the detect- 
ing electrode 82 functions as a NOx-reducing catalyst 
for reducing NOx existing in the atmosphere in the sec- . 
ond chamber 56. Moreover, the oxygen in the atmos- 
phere in the second chamber 56 can be pumped out to 
the reference gas-introducing chamber 62 by applying 
a constant voltage Vp2 between the detecting electrode 
82 and the reference electrode 74 by the aid of a DC 
power source 86. A pumping current Ip2, which is al- 
lowed to flow in accordance with the pumping operation 
performed by the measuring pumping cell 84, is detect- 
ed by an ammeter 88. 

The sensing device 50A according to the first em- 
bodiment includes a heater 90 for generating heat in ac- 
cordance with electric power supply from the outside. . 
The heater 90 is embedded in a form of being interposed 
between the first solid electrolyte layer 52c and the sub- 
strate layer 52e and surrounded by the first spacer layer 
52d on its three sides. The heater 90 is provided in order 
to increase the conductivity of oxygen ion. A ceramic 
layer 92 composed of alumina or the like is formed to 
cover upper and lower surfaces of the heater 90 so that 
the heater 90 is electrically insulated from the substrate 
layer 52e and the first solid electrolyte layer 52c. 

As shown in FIG. 2. the heater 90 is arranged with 
deviation toward the second chamber 56 located on the 
front end side of the sensing device 50 A so that the sec- 
ond chamber 56 is heated to a higher temperature as 



. compared with the first chamber 54, in other words, the 
detecting electrode 82 is heated to a higher temperature 
as compared with the inner pumping electrode 64 and 
the measuring electrode 72. 
5 The heater 90 is arranged such that when the tem- 
perature of the measurement gas changes, for example, 
in a range of 300 *C to 850 °C, the inner pumping elec- 
trode 64 and the measuring electrode 72 in the first 
chamber 54 are heated to 400 °C to 900 *C, and the 
w detecting electrode 82 in the second chamber 56 is 
heated to 700 °C to 900 *C. The object of such an ar- 
rangement is that the oxygen ion-conductivity of the sol- 
id electrolyte layer is maintained to . have a predeter- 
mined value, the polarization of the electrode is mini- 
's mized, and the activity of the catalyst is maintained. 

Especially, in the sensing device 50A according to 
the first embodiment, at least one of the electrodes of 
the plurality of electrode described above (the inner 
pumping electrode 64, the measuring electrode 72, and 
20. the detecting electrode 82) exposed to the atmosphere 
in the first chamber 54 or the second chamber 56, for 
example, the inner pumping electrode 64 and the meas- . 
uring eiectrode 72 are constructed by using a material 
having a weak reducing ability or no reducing ability with 
25 respect to the NO components in the measurement gas. 
In this embodiment, such an electrode is preferably 
composed of, for example, a compound having the per- 
ovskite structure such as L^CuO^ a cermet comprising 
a ceramic and a metal having a low catalytic activity 
30 such as Au, or a cermet comprising a ceramic, a metal 
of the Pt group, and a metal having a low catalytic ac- 
tivity such as Au. .... : . ■ '\ r :. -.-.-.r. ■ \ ';>?-v 

The electrode material may contain an alloy com- 
prising Au and an element of the platinum group. In this 
3S embodiment, it is desirable that the electrode materiel 
contains an alloy comprising Au of not less than 0.01 %. 
and less than 1 %, and the balance principally com- 
posed of an element of the platinum group. More pref- 
erably, the alloy contains Au in a content of not less than 
40 0.03 % and less than 0.8 %. ' 3 -«■•■■!>.."- * v - 

Au and the element of the platinum group may be 
previously prepared as alloy powder which may be ap~ 
plied by firing as a cermet in a form of a paste. Alterna- 
tively, a small amount of Au is allowed to adhere to an 
. 45. electrode comprising only Pt, by means of a method of 
electroless plating or the like, to form an alloy in accord- 
ance with aging at a high temperature, or thermal diffu- 
sion during the use. ................. 

The sensing device 50 A according to the first em- 
50 bodiment is basically constructed as described above.- 
Next, its function and effect wilt be explained. 

Before the measurement of oxides, the sensing de- 
vice 50A according to the first embodiment is set in a 
state in which the measurement gas can be introduced 
55 into the first chamber 54. Next, an electric power is ap- 
plied to the heater 90 so that the first and second solid 
electrolyte layers 52c. 52a for the first chamber 54 of the 
' sensing device 50A are heated to, for example, 400 P C 
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to 900 °C, and the first and second solid electrolyte lay- 
ers 52c, 52a for the second chamber 56 are heated to, 
for example, 700 9 C to 900 °C. After the sensing device 
50A is heated in such a temperature state, the first and 
second solid electrolyte layers 52c, 52a are activated in 
a desired state. - . ■**;-/■:-> 

Next, the measurement of oxides such as NOx con- 
tained in the measurement gas is started by introducing 
the measurement gas into the sensing device 50A hav- 
ing been set as described above. • 

The measurement gas is introduced into the first 
chamber 54 under a predetermined diffusion resistance 
through the first diffusion rate-determining section 58. 
The partial pressure of oxygen contained in the meas- 
urement gas is controlled to have a predetermined value 
in accordance with a predetermined pumping voltage 
Vp1 applied between the outer pumping electrode 66 
and the inner pumping electrode 64 by the aid of the 
variable power source 70. Narnety, the partial pressure 
of oxygen in the first chamber 54 can be measured on 
the basis of a voltage VI between the reference elec- 
trode 74 and the measuring electrode 72, detected by 
the voltmeter 78. '. 

The voltage V1 is an electromotive force of the ox- 
ygen concentration cell defined by the Nemst's equation 
described above. The pumping voltage Vpl applied by 
the variable power source 70 is controlled by the aid of 
the feedback control system 80 so that the voltage V1 . 
is, for example, 203 mV (500 °C). Thus the partial pres- 
sure of oxygen in the first chamber 54 is controlled to 
be, for example, 10* 6 atm. The first diffusion rate-deter- 
mining section 58 functions to limit the amount of oxygen 
in the measurement gas diffusing and flowing into the 
measuring space (first chamber 54) so that the pumping 
current Ip1 flowing through the main pumping cell 68 is 
suppressed when the pumping vottage Vpl is applied 
between the inner pumping electrode 64 and the outer 
pumping electrode 66 of the main pumping cell 68. -- 

A state of the partial pressure of oxygen is formed 
in the first chamber 54. in which NO in the atmosphere 
is not decomposed by the inner pumping electrode 64 
and the measuring electrode 72, i.e., a condition of the 
partial pressure of oxygen is formed in the first chamber 
54, under which, for example, the reaction of NO 
1/2N 2 + 1/2O2 is not caused, even under an environ- 
ment brought about by being heated by the external 
measurement gas, and being heated by the heater 90. 

This is because of the following reason. Namely, if 
NO in the measurement gas (atmosphere) is decom- 
posed into N 2 and O2 in the first chamber 54, NOx can- 
not be measured correctly in the second chamber 56. 
In this context, it is necessary to form a condition under 
which NO is not decomposed by any component which 
participates in decomposition of NO in the first chamber 
54 (at least the component of the inner pumping elec- 
trode 64 of the main pumping cell 68). 

The measurement gas, which has been controlled 
to have the predetermined partial pressure of oxygen in 



the first chamber 54, is introduced into the second 
chamber 56 through the second diffusion rate-determin- 
ing section 60 designed to have a diffusion resistance 
larger than that of the first diffusion rate-determining 
section 58. 

t - A predetermined pumping vottage Vp2, tor exam- 
ple, 449 mV (700 °C), which makes it possible to suffi- 
ciently pump out the oxygen in the second chamber 56, 
is applied between the reference electrode 74 and the 
detecting electrode 82 in the second chamber 56 by the 
aid of the power source 84. Owing to the pumping volt- ' 
age Vp2, NOx contained in the measurement gas, such 
as NO and N0 2 . is decomposed by the detecting elec- 
trode 82 which serves as an oxide-decomposing cata- 
lyst comprising the Rh cermet, or NOx is decomposed 
by the catalyst existing separately from the detecting 
electrode 82. The oxygen thus produced is pumped out 
toward the reference gas-introducing space 62 through 
the first- solid electrolyte layer 52c. In this process, a val- 
ue of the current Ip2, which is generated by movement 
of oxygen ion, is measured by the ammeter 88. The con- 
centration of predetermined oxides, for example, NOx 
such as NO and N02 contained in the measurement gas 
is determined from the current value Ip2. 

Now, the principle of measurement performed by 
the sensing device 50 A according to the first embodi- 
ment will be more specifically explained with reference 
to FIG. 3.- ' '.--«-'<■''-• V. r ■ 

In FIG. 3, the measurement gas is introduced into 
the first chamber 54 through the first diffusion rate-de- 
termining section 58: The partial pressure of oxygen in 
the first chamber 54 is controlled to have a predeter- 
mined value, desirably a low value at which NO is not 
decomposed, by the aid of the main pumping cell 68. 

/ - The atmosphere in the first chamber 54, in which' 
the partial pressure of oxygen has been controlled, is 
introduced into the second chamber 56 which commu- 
nicates with the first chamber 54 through the second dif- 
fusion rate-determining section 60. NOx is decomposed 
in the second chamber 56. The oxygen produced during 
the decomposition is pumped "out from the second 
chamber 56 under a gas diffusion rate-determining con- 
dition by using the measuring pumping cell 84. The 
amount of NOx in the measurement gas is measured on 
the basis of a value of the current Ip2 flowing through 
the measuring pumping cell 84.-. ; " : " . 

In this method, the NOx concentration: Cn is deter- 
mined in accordance with Cn = K-lp2 - A, wherein K rep- 
resents a sensitivity constant Ip2 represents a value of 
the current flowing through the measuring pumping cell, 
and A represents a constant resulting from a small 
amount of oxygen remaining in the first chamber 54. -' 

Almost ail of the current value I p2 results from the 
oxygen produced by the decomposition of the NOx com- 
ponents in the measurement gas. Thus it is possible to 
accurately measure even a minute amount of NOx in a 
state in which the influence of the oxygen in the meas- 
urement gas is eliminated, as compared with the con- 
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ventional method. It is sufficient that the outer pumping 
electrode 36 and the reference electrode 74 are formed 
in an atmosphere to which the oxygen in the first cham- 
ber 54 and the second chamber 56 can be released. For 
example, the outer pumping electrode 66 and the refer- 
ence electrode 74 may be formed in an atmosphere of 
air. , 

As described above, in the sensing device 50A ac- 
cording to the first embodiment, the inner pumping elec- 
trode 64 and the measuring electrode 72 exposed to the 
atmosphere in the first chamber 54 are constructed by . 
using the electrode containing the alloy comprising Au 
and the balance principally composed of the element of 
the platinum group. The electrode containing the alioy 
has an extremely low activity as a nitrogen monoxide- 
decomposing catalyst, and it does not decompose NO 
even under a low partial pressure of oxygen. According- 
ly, the oxygen, which behaves as a disturbing'compo- 
nent for the measurement of the nitrogen oxides, can 
be eliminated to be substantially zero, without exerting 
any influence on the measurement of the nitrogen oxide. 
This fact results in that the nitrogen oxides contained in 
the measurement gas can be measured highly accu- 
rately and stably by the aid of the measuring pumping 
cell 84 and the ammeter 88. 

Now, the basis, on which the content of Au is not 
less than 0.03 % and less than 0.8 %, will be explained 
with reference to FIGs. 4 and 5. . ^ . 

At first, FIG. 4 shows a graph illustrating a relation- . 
ship between the composition of the Au-Pt alloy elec- 
trode and the time required for the impedance of the 
main pumping cell 63 to become five times an initial val- 
ue, obtained by operating the sensing device 50A ac- 
cording to the first embodiment at a device temperature 
of 600 °C in an exhaust gas discharged from a diesel 
engine. FIG. 4 illustrates the fact that the durability at 
the high temperature is deficient when the Au content is 
not less than 1 % at which the alloy electrode is apt to 
be sintered, resulting in increase in the impedance of 
the main pumping ceil. - r :■" n\ 

When the inner pumping electrode 64 and the 
measuring electrode 72 are composed of a cermet, it is 
preferable that the Au content is less than 0.8 % be- 
cause of the following reason. Namely, if the Au content 
is not less than 0.3 %, clogging is apt to occur due to 
sintering during the firing step for the electrode, resulting 
in decrease in function as an oxygen pump. -j« ; 

Next, FIG. 5 shows relationships between the elec- 
tromotive force VI generated in the controlling oxygen 
partial pressure-detecting cell 76 and the current lp2 
flowing through the measuring pumping cell 84, ob- 
tained by measurement for a mixed gas comprising ox- 
ygen = 0.3 %. H 2 0 s 3 %, NO = 5000 ppm, and the 
balance of nitrogen at a device temperature of 680 °C, 
by using several electrodes containing respective Au-Pt 
alloys for the inner pumping electrode 64 and the meas-. 
uring electrode 72 provided in the first chamber 54 in 
the sensing device 50A according to the first embodi- 



' ment. - " \ ' - 

In order to increase the measurement accuracy for 
the nitrogen oxides, it is necessary to decrease the off- 
set component (offset current) appearing in the pumping 
s current value Ip2 of the measuring pumping cell 84 as 
small as possible. In this embodiment, it is intended that 
the offset current is not more than 1 ppm as calculated 
as a value of NO. Therefore, it is necessary that the elec- 
tromotive force V1 of the controlling oxygen partial pres- 
10 sure-detecting ceil 76 is set to be not less than about 
250 mV, However, as understood from the relationships 
shown in FIG. 5, if Au is added in an amount of not more 
. than 0.01 %, the catalytic activity is not sufficiently low- 
ered. For this reason, the decomposition of NO occurs 
'5 in a region of the electromotive force of the oxygen con- 
. centration cell (region of the electromotive force V1 S 
250 mV) necessary to pump out oxygen co-existing in 
the measurement gas without causing the decomposi- 
. tion of NOx. As a result, it is difficult to correctly measure 
20 the amount of the nitrogen oxides. Therefore,, the 
amount of Au in the Au-Pt alloy is preferably not less 
1 than 0.01 %, desirably not less than 0.03 %. • " 

For example, Pt and Rh can be used as the element 
of the platinum group which is a major component of the 
2S alloy. Especially, it is desirable to use an alloy of Pt and 
Au, from a viewpoint of the low catalytic activity, y 

Next, a modified embodiment o1 the sensing device 
50A according to the first embodiment will be explained 
with reference to FIG. 6. Components or parts corre- 
30 sponding to those shown in FIG. 2 are designated by 
the same reference numerals, duplicate explanation of 
• which will be omitted.' *\ <,:^.y..:.rjs : L^/cc^^q^. 
As shown in FIG. 6, the sensing device 50Aa ac- 
cording to this modified embodiment has approximately 
35 the same structure as that of the sensing device 50A 
according to the first embodiment (see FIG. 2): Howev- 
er, the former is different from the latter in the following 
points. Namely, the sensing device 50Aa comprises, as 
a whole, six stacked solid electrolyte layers 52a to 52f 
40 composed of ceramics based on the use of oxygen ton- 
conductive solid electrolytes such as ZrC^. First and 
•'. second layers from the bottom are designated as first 
and second substrate layers 52f, 52e respectively. Third 
and fifth layers from the bottom are designated as first 
is and second spacer layers 52d, 52b respectively. Fourth 
and sixth layers from the bottom are designated as first 
and second solid electrolyte layers 52c, 52a respective- 
ly. .'I-.-; - : v\,- ' 

The sensing device 50Aa according to the modified 
so embodiment includes a ' reference gas-introducing 
space 62 which is formed and comparted between the 
second substrate layer 52b and the first solid electrolyte 
layer 52c by a lower surface of the first solid electrolyte 
layer 52c, an upper surface of the second substrate lay- 
ss er 52b, and side surfaces of the first spacer layer 52d. 
The second spacer layer 52b is interposed between 
the first and second solid electrolyte layers 52c, 52a. 
First and second diffusion rate-determining sections 58, 
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60 are also interposed between the first and second sol- 
id electrolyte layers 52c, 52a 

A first chamber 54 for adjusting the partial pressure 
of oxygen in a measurement gas is formed and com- 
parted by a (ower surface of the second solid electrolyte 
layer 52a, side surfaces of the first and second diffusion 
rate-determining sections 58, 60, and an upper surface 
of the first solid electrolyte layer 52c. A second chamber 
56 for finely adjusting the partial pressure of oxygen in 
the measurement gas and measuring oxides, for exam- 
ple, nitrogen oxides (NOx) in the measurement gas is . 
formed and comparted by a lower surface of the second 
solid electrolyte layer 52a, a side surface of the second 
diffusion rate-determining section 60, a side surface of 
the second spacer layer 52b, and an upper surlace of 
the first solid electrolyte layer 52c, 

The other structure and the principle of measure- 
ment of the nitrogen oxides are the same as those ot 
the sensing device 50 A according to the first embodi- 
ment described above, duplicate explanation of which 
will be omitted in this modified embodiment. 

In the sensing device 50Aa according to the modi- 
fied embodiment, the inner pumping electrode 64 and 
the measuring electrode 72 provided at the inside of the 
first chamber 54 contain the alloy comprising Au of not 
less than 0.01 % and less than 1 % and the balance 
principally composed ot the element of the platinum 
group, in the same manner as the sensing device 50A 
according to the first embodiment. 

Therefore, the oxygen, which behaves as a disturb- 
ing component for the measurement of the nitrogen ox- 
ides, can be eliminated to be substantially zero, without 
exerting any influence on the measurement of the nitro- 
gen oxide. As a result, the nitrogen oxides contained in 
the measurement gas can be measured highly accu- 
rately and stably by the aid of the measuring pumping 
cell 84 and the ammeter 88. - - ■ * 

Next, a sensing device 50B according to a second* 
embodiment will be explained with reference to FIG. 7. 
Components or parts corresponding to those shown* in 
FIG. 6 are designated by the same reference numerals, 
duplicate explanation of which will be omitted. 

As shown in FIG. 7, the sensing device 506 accord- 
ing to the second embodiment has approximately the 
same structure as that of the sensing device SOAa ac- 
cording to the modified embodiment described above 
(see FIG. 6). However, the former is different from the 
latter in that a measuring oxygen partial pressure-de- 
tecting cell 100 is provided in place of the measuring 
pumping cell 34. 

The measuring oxygen partial pressure-detecting 
cell 100 comprises a detecting electrode 102 formed on 
a portion for forming the second chamber 56, of the up- 
per surface of the first solid electrolyte layer 52c, the 
reference electrode 74 formed on the lower surface of 
the first solid electrolyte layer 52c, and the first solid 
electrolyte layer 52c. 

In this embodiment, an electromotive force (electro- 



motive force of an oxygen concentration cell) V2 is gen- 
erated between the detecting electrode 1 02 and the ref- 
erence electrode 74 of the measuring oxygen partial 
pressure-detecting cell 100, corresponding to a differ- 

5 ence in oxygen concentration between an atmosphere 
around the detecting electrode 102 and an atmosphere 
around the reference electrode 74. 

Therefore, the partiaf pressure of oxygen in the at- 
mosphere around the detecting electrode 102, in other 

to words, the partial pressure of oxygen defined by oxygen 
produced by reduction or decomposition of the meas- 
urement gas components (NOx) is detected as a value 
of the voltage V2 by measuring the electromotive force 
. (voltage) V2 generated between the detecting electrode 

is 1 02 and the reference electrode 74 by using the voltme- 
ter 104. 

The degree of change in electromotive force V2 rep- 
resents the NOx concentration. Namely, the electromo- 
tive force V2, which is outputted from the measuring ox- 

20 ygen partial pressurs-detecting cell 1 00 constructed by 
the detecting electrode 1 02, the reference electrode 74, 
. and the first solid electrolyte layer 52c, represents the 
NOx concentration in the measurement gas. 
' In the sensing device 508 according to the second 

25 embodiment, the inner pumping electrode 64 and the 
measuring electrode 72 provided at the inside of the first 
chamber 54 also contain the alloy comprising Au of not 
. less than 0.01 % and less than t % and the balance ' 
principally composed of the element of the platinum 

30 group, in the same manner as the sensing device 50 A ,* 
according to the first embodirinent Therefore, the oxy- 
gen, which acts as a disturbing component for the meas : ^ 
urement of the nitrogen oxides, can be eliminated to be; 
substantially zero, without exerting any influence on the 

3S measurement of the nitrogen oxide. As a result, the ni- " 
trogen oxides contained in the measurement gas can 
be measured highly accurately and stably by the aid of 
the measuring oxygen partial pressure-detecting cell 
and the voltmeter. . r ' . * V . w , . J, . 

40 ' Next, a sensing device 50C according to a third em- \ 
bodiment will be explained with reference to FIG. 8. 
Components or parts corresponding to those shown in; 
Fl G . 6 are d es ignated by the same reference n ume rals 
: duplicate explanation of which will be omitted. ' t 

45 . " As shown in FIG. 8, the sensing device 50C accord-' 
ing to the third embodiment has approximately the same 
structure as that of the sensing device 50Aa according 
to the modified embodiment of the first embodiment. 
• However, the former is different from the latter in that a 

so porous AI2O3 layer or a porous ZrO a layer for construct- 
ing a third diffusion rate-determining section 110 is 
formed to cover the detecting electrode 82, and an aux- 
iliary pumping cell 112 is provided. 

The auxiliary pumping cell 1 1 2 comprises an auxil- 

55 jary pumping electrode 1 1 4 composed of a porous cer- 
met electrode having a flat and substantially rectangular 
shape and formed on an entire lower surface portion tor 
forming the second chamber 56, of the lower surface of 
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the second solid electrolyte layer 52a, the reference 
electrode 74, the second solid electrolyte layer 52a, the 
second spacer layer 52b. and the first solid electrolyte 
layer 52c. 

The auxiliary pumping electrode 11 4 is constructed 
by using a material having a weak reducing ability or no 
reducing ability with respect to the NO components in 
the measurement gas, in the same manner as the inner 
pumping electrode 64 of the main pumping cell 63. In 
this embodiment, the auxiliary pumping electrode 114 
contains the alloy comprising Au of not less than 0.01 
% and less than 1 % and the balance principally com- 
posed of the element of the platinum group, preferably 
the alloy having a content of Au of not less than 0.03 % 
and less than 0.8 %. . 

A desired constant voltage Vp3 is applied between 
the auxiliary pumping electrode 114 and the reference 
electrode 74 of the auxiliary pumping cell 11 2 by the aid 
of an external power source 1 1 6. Thus the oxygen in the 
atmosphere in the second chamber 56 can be pumped 
out to the reference gas-introducing space 62. 

Accordingly, the partial pressure of oxygen in the 
atmosphere in the second chamber 56 is in a situation 
in which the measurement gas components (NOx) are 
not substantially reduced or decomposed, while giving 
a low value of the partial pressure of oxygen at which 
the measurement of the amount of the objective com- 
ponents is not substantially affected. In this embodi- 
ment, the change in amount of oxygen introduced into 
the second chamber 56 is greatly reduced as compared 
with the change which occurs in the measurement gas, 
owing to the operation of the main pumping cell 68 in 
the first chamber 54. Therefore, the partial pressure of 
oxygen in the second chamber 56 is controlled accu- 
rately and constantly. ... .... 

In the sensing device 50C according to the third em- 
bodiment, NOx flows into the measuring pumping cell 
84 while being limited by the third diffusion rate-deter- 
mining section 110. Under this condition, the constant 
voltage (DC) power source 66 is capable of applying a 
voltage having a magnitude to give a limiting current for 
pumping for oxygen produced during decomposition in 
the measuring pumping cell 84. . . - 

Therefore, in the sensing device 50C according to 
the third embodiment constructed as described above, 
the measurement gas controlled for the partial pressure 
of oxygen in the second chamber 56 is introduced into 
the detecting electrode 82 through the third diffusion 
rate-determining section 1 1 0 under a predetermined dif- 
fusion resistance. 

When it is intended to control the partial pressure 
of oxygen in the atmosphere in the first chamber 54 to 
have a low value of the partial pressure of oxygen which 
does not substantially affect the measurement of NOx, 
by operating the main pumping cell 68, in other words, 
when the pumping voltage Vpl of the variable power 
source 70 is adjusted by the aid of the feedback control 
system SO so that the voltage VI detected by the con- 



trolling oxygen partial pressure-detecting cell 76 is con- 
stant, if the oxygen concentration in the measurement 
gas greatly changes, for example, in a range of 0 to 20 
%, then the respective partial pressures of oxygen in the 
5 atmosphere in the second chamber 56 and in the atmos- 
phere in the vicinity of the detecting electrode 82 slightly 
change in ordinary cases. This phenomenon is caused 
probably because of the following reason. Namely, 
when the oxygen concentration in the measurement gas 
10 increases, the distribution of the oxygen concentration 
occurs in the widthwise direction and the thickness di- 
rection in the first chamber 54 over the measuring elec- 
trode 72. The distribution of the oxygen concentration 
changes depending on the oxygen concentration in the 
15 measurement gas. 

However, in the case of the sensing device 50C ac- 
cording to the third embodiment, the auxiliary pumping 
cell 1 1 2 is provided for the second chamber 56 so that 
the partial pressure of oxygen in its internal atmosphere 
20 always has a constant low value of the partial pressure 
of oxygen. Accordingly even when the partial pressure 
of oxygen in the atmosphere introduced from the first 
chamber 54 to the second chamber 56 changes de- 
pending on the oxygen concentration in the measure- 
rs ment gas, the partial pressure of oxygen in the. atmos- 
phere in the second chamber 56 can be always made 
to have a constant low value, owing to the pumping op- 
eration performed by the auxiliary pumping cell 1 1 2. As 
a result, the partial pressure of oxygen can be controlled 
30 to have a low value at which the measurement of NOx 
is not substantially affected. , , c - - 

.. NOx in the measurement gas introduced into the 
. detecting electrode 82 is reduced or decomposed 
around the detecting electrode 82. Thus, for example,' 
3S- a reaction of NO -+ 1/2N 2 + 1/20 2 is allowed to occur. 
In this process, a predetermined voltage Vp2, for exam- 
ple, 430 mV (700 °C) is applied between the detecting 
electrode 82 and the reference electrode 74 for con- 
structing the. measuring pumping cell 84, in a direction 
<o to pump out the oxygen from the second chamber 56 to 
the reference gas-introducing space 62.-_.L-j-.:] i 
Therefore, the pumping current Ip2 flowing through 
the measuring pumping cell 84 has a value which is pro- 
portional to a sum of the oxygen concentration in the 
45 . atmosphere introduced into the second chamber 56, i. 
the oxygen concentration in the second chamber 56 
and the oxygen concentration produced by reduction or 
decomposition of NOx by the aid of the detecting elec- 
trode 82. ... , .. *• 
so. In this embodiment, the oxygen concentration in the 
atmosphere in the second chamber 56 is controlled to 
be constant by means of the auxiliary pumping cell 1 1 2. 
Accordingly, the pumping .current lp2 flowing through 
, the measuring pumping cell 84 is proportional to the 
ss NOx concentration. The NOx concentration corre : 
sponds to the amount of diffusion of NOx limited by the 
third diffusion rate-determining section 110. Therefore, 
even when the oxygen concentration in the measure- 
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ment gas greatly changes, it is possible to accurately 
measure the NOx concentration, based on the use of 
the measuring pumping cell 84 by the aid of the ammeter 
88. 

It is assumed, for example, that the partial pressure 
of oxygen in the atmosphere in the second chamber 56 
controlled by the auxiliary pumping cell 1 1 2 is 0.02 ppm, 
and the concentration of NO as the NOx component in 
the measurement gas is 100 ppm. The pumping current 
lp2 flows in an amount corresponding to a sum (= 50.02 
ppm) of an oxygen concentration of 50 ppm produced 
by reduction or decomposition of NO and the oxygen 
concentration of 0.02 ppm in the atmosphere in the sec- 
ond chamber 56. Therefore, almost all of the pumping 
current value Ip2 obtained by operating the measuring 
pumping cell 84 represents the amount brought about 
by the reduction or decomposition of NO. Accordingly, 
the obtained result does not depend on the oxygen con- 
centration in the measurement gas. 

Next, a sensing device 500 according to a fourth 
embodiment will be explained with reference to FIG. 9. 
Components or parts corresponding to those shown in 
FIGs. 7 and 8 are designated by the same reference 
numerals, duplicate explanation of which will be omitted. : 

As shown in FIG. 9, the sensing device 500 accord- 
ing to the fourth embodiment has approximately the 
same structure as that of the sensing device SOB ac- ; 
cording to the second embodiment (see FIG. 7). How- 
ever, the former is different from the latter in that a po- 
rous Al20 3 layer or a porous ZrO^ layer for constructing 
a third diffusion rate-determining section t10 is formed 
to cover the detecting electrode 82 of the measuring ox- 
ygen partial pressure-detecting cell 100, and an auxilia- 
ry pumping cell 1 1 2 is provided, in the same manner as 
the sensing device 50C according to the third embodi* 
ment (see FIG. 8).. ■•*•-■ - / / / 

. Now, the principle of detection performed by the 
sensing device SOD according to the fourth embodiment 
will be explained with reference to FIG. 10 illustrating a 
characteristic of the sensing device 500. v£:ttV 

At first, when the NO concentration in the external 
space is 0 ppm, the pumping voltage Vpl of the main, 
pumping cell 68 is controlled so that the partial pressure 
of oxygen in the first chamber 60 is maintained to be 1 .3 
x 10* 7 atm, Lei, to give a value of the electromotive force 
V1 = about 300 mV. : . 

Next, the set voltage Vp3 applied to the auxiliary 
pumping cell 112 is set to be 460 mV. The partial pres- 
sure of oxygen in the second chamber 62 is controlled 
to be 6.1 x lO/ 11 atm owing to the operation performed 
by the auxiliary pumping ceil 112. As a result, the elec- 
tromotive force V2 between the detecting electrode 102 . 
and the reference electrode 74 of the measuring oxygen 
partial pressure-detecting cell 100 is about 460 mV. In 
this case, the inflammable gas components are oxidized 
in the first chamber 60, and the sensitivity to NOx is not 
affected thereby, because the partial pressure of oxygen 
in the first chamber 60 is 1 .3 x 1 0r 7 atm, regardless of 



the fact that the partial pressure of oxygen in the second 
chamber 62 is 5.1 x 10~ 11 atm. 

~ If the NO concentration in the external space grad- 
ually increases, the reduction or decomposition reaction 
of NO is caused on the detecting electrode 102. be- 
cause the detecting electrode 102 also functions as a 
NOx-reducing catalyst in the same manner as the de- 
tecting electrode 82 of the measuring pumping cell 84 
described above (see FIG. 6). As a result, the oxygen 
concentration in the atmosphere around the detecting 
electrode 102 is increased. Accordingly, the electromo- 
tive force V2 generated between the detecting electrode 
102 and the reference electrode 74 is gradually de- 
creased. With reference to FIG. 1 0 illustrating the char- 
acteristic of the sensing device 500, for example, when 
the NO concentration increases to 300 ppm, 500 ppm, 
and 1000 ppm, the electromotive force V2 detected by 
the voltmeter 1 04 is gradually decreased to 300 mV, 250 
mV, and 220 mV respectively. ~ 

" The degree of the decrease in electromotive force 
V2 represents the NO concentration. Namely, the elec- 
tromotive force V2, which is outputted from the measur- 
ing oxygen partial pressure-detecting cell 1 00 construct- 
ed by the detecting electrode 1 02, the reference elec- 
trode 74, and the first solid electrolyte layer 52c, repre- 
sents the NO concentration in the measurement gas. ' 

* In this embodiment, the partial pressure of oxygen 
in the atmosphere in the second chamber 56 is in a sit- 
uation in which the measurement gas components 
(NOx)' are not substantially" reduced or decomposed, 
while giving a low value of the partial pressure of oxygen 
at which the measurement of the amount of the objective 
components is not substantially affected, in the same 
manner as the sensing device 50C according to the third 
embodiment Further, the change in. amount of .oxygen 
introduced into the second chamber 56 is greatly re- 
duced as~compared with trie change which occurs in the 
measurement gas, owing to the operation of the main 
pumping cell 68 in the first chamber 54. Therefore, the_^ 
partial pressure of oxygen in the second chamber 56 is"" 
controlled accurately and constantly. J ■[ \~ " / 

Therefore, even when the oxygen concentration in 
the measurement gas greatly changes, it is possible to 
accurately measure the NOx concentration, based on 
the use of the measuring oxygen partial pressure-de- 
tecting cell 100 by the aid of the "voltmeter 104. 

According* to the sensing devices concerning the 
first to fourth embodiments (including the modified em- 
bodiment),^ is possible to perform the measurement in 
a stable manner for a long period of time, while elimi- 
nating the influence ot co-existing water, carbon dioxide 
gas, and oxygen. Thus the present invention is extreme- 
ly useful from the industrial viewpoint. 

It is a matter of course that the sensing device for 
measuring nitrogen oxides according to this invention is 
not limited to the embodiments described above, which 
can be constructed in other various forms within the 
scope of the invention. " ' 7 
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A sensing device for measuring nitrogen oxides, 
comprising: 

a main pumping means (63) including a pair of 
first and second pumping electrodes (64, 66), 
said first pumping electrode (64) being ar- 
ranged in an area into which a measurement 
gas is introduced from external space, for per- 
forming a pumping process (or oxygen con- 
tained in said measurement .gas introduced 
from said external space, on the basis of a con- 
trol voltage (Vpl) applied between said pair of 
pumping electrodes (64, 66) so that a partial 
pressure of oxygen in a process atmosphere is 
controlled to have a predetermined value at 
which NO is not decomposable; and ...... 

an electric signal-generating conversion 
means including a pair of first and second de- 
tecting electrodes (82, 74 or 1 02, 74), said first 
detecting electrode (82 or 1 02) being arranged 
in an area into which said measurement gas is 
introduced after being subjected to said pump- 
ing process performed by said main pumping 25 
. means (68), for providing, by conversion, an 
electric signal (Ip2 or V2) corresponding to an 
amount of oxygen contained in said measure- 
ment gas after being subjected to said pumping 
process performed by said main pumping 
means (68), wherein: ■ ... - , ... ... - 

at least one of said electrodes exposed to proc- 
ess spaces for processing said measurement 
gas introduced from said external space con- 
tains an alloy comprising Au of not less than 
0.01 % and less than 1 %, and balance princi- . 
pally composed ol an element of platinum 
group. . v ;~ j~ J * 

The sensing device according to claim 1, wherein *o , 
said electric signal-generating conversion means 
comprises: . v - ; '— >v . r r 

a measuring pumping means (84) including a 
pair of first and second detecting electrodes 
(82. 74), said first detecting electrode (82) be- 
ing arranged in said area into which said meas- 
urement gas is introduced after being subjected * 
to said pumping process performed by said- 
main pumping means (63), for performing a 50 , 
pumping process for said oxygen contained in 
said measurement gas after being subjected to 
said pumping process performed by said main 
pumping means (68) on the basis of a measur- 
ing voltage (Vp2) applied between said pair of ss 
detecting electrodes (82, 74); and 
a current-detecting means (88) for detecting a 
pumping current (Ip2) generated correspond- 
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ing to an amount of oxygen resulting from said 
pumping process performed by said measuring 
pumping means (84), wherein: i . 
said oxides in said measurement gas are 
measured on the basis of said pumping current 
, . (Ip2) detected by said current-detecting means 

- (88). ; . . ; - / - 

The sensing device according to claim 2, wherein 
said measuring pumping means (84) performs said 
pumping process for said oxygen produced by any 
one of or both of actions of application of a voltage 
sufficient to decompose said nitrogen oxides be- 
tween said pair of detecting electrodes (82, 74), and 
a nitrogen oxide-decomposing catalyst arranged in 
said measuring pumping means (84), on the basis 
of said measuring voltage (Vp2) applied between 
said pair of detecting electrodes (82, 74). 

The sensing device according to claim 3. wherein 
said nitrogen oxide-decomposing catalyst is an Rh 
cermet. . , • -_ ■ .--"i : . vi 

. The sensing device according to claim 1 , wherein 
said electric signal-generating conversion means 
comprises: ... - - •. V-. - 

a concentration -detecting means (100) tnclud- 
J ■ ing a pair of first and second detecting elec- 
trodes (102, 74), said first detecting electrode 
1 , r (102) being arranged in said area into which 
. . > • said measurement gas is introduced after being 
'Jy subjected to said pumping process performed 
.. k - . by said main pumping means (68), for generate 
: 6 ing an electromotive force (V2V corresponding . 
to a difference between said amount of oxygen 
, contained in said measurement gas after being 
... . . subjected to said pumping process performed 
: . r ;.. by said main pumping means (68) and an 
amount of oxygen contained in a gas existing 
.on a side of said second detecting electrode 
. : \ -(74); and . ? - -a On- -y- 

. v . a voltage-detecting means (104) for detecting 
. : , r; said electromotive force (V2) generated by said 
. c , . concentration-detecting means (1 00), wherein: 
said nitrogen oxides in said measurement gas 
. - are measured on the basis of said elect romo- 
V . : tive force (V2) detected by said vottage-detect- 
: > v ing means (104). : 

The sensing device according to claim 5, wherein 
said concentration-detecting means (100) gener- 
ates said electromotive force (V2) of an oxygen con- 
centration cell, corresponding to a difference in par- 

.. tial pressure between oxygen produced by an ac- 
tion of a nitrogen oxide-decomposing catalyst ar- 

. ranged in said concentration-detecting means 
(100) and said oxygen contained in said gas exist- 
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ing on said side of said second detecting electrode 
(74). . 

7. The sensing device according to claim 6, wherein 
said nitrogen oxide-decomposing catalyst is an Rh 
cermet. 

8. The sensing device according to any one of claims 
1 to 7, wherein said alloy has an Au content of not 
less than 0.03 % and less than 0.3 %. 

9. The sensing device according to any one of claims 
1 to 8, further comprising: 

a concentration-detecting means (76) including 
a pair of first and second measuring electrodes 
(72, 74), said first measuring electrode (72) be- 
ing arranged to be opposed to said first pump- 
ing electrode (64) o< said main pumping means 
(68), for measuring an electromotive force (V1 ) 
of an oxygen concentration cell generated cor- 
responding to a difference between an amount 
of oxygen contained in said measurement gas 
during said pumping process performed by said 
main pumping means (68) and an amount of 
oxygen contained in a gas existing on a side of 
said second measuring electrode (74); and 
a main pumping control means (80) for adjust- 
ing said control voltage (Vpt) for said main 
pumping means (63) on the basis of said elec- 
tromotive force (V1) detected by said concen- 
tration-measuring means (76). 

10. The sensing device according to any one of claims 
1 to 9, wherein said first pumping electrode (64) ar- 
ranged in said area into which said measurement 
gas is introduced, of said pair of pumping electrodes 
(64, 66) of said main pumping means (68), is com- 
posed of an inactive material having a low catalytic 
activity on said nitrogen oxides. 

11. The sensing device according to any one of claims 
1 to 10. further comprising an auxiliary pumping 
means (112) including an auxiliary pumping elec- 
trode (114) formed in the vicinity of said first detect- 
ing electrode (82 or 1 02), wherein said oxygen con- 
tained in said measurement gas after being subject- 
ed to said pumping process performed by said main 
pumping means (63) is subjected to a pumping 
process on the basis of a voltage (Vp3) applied be- 
tween said auxiliary pumping electrode (114) and 
said second detecting electrode (74). 



13. The sensing device according to any one of claims 
9 to 12, comprising: 

■ said electric signaJ-generating conversion 
5 means including said pair of first and second 

detecting electrodes (82, 74 or 102, 74), said 
first detecting electrode (82 or 102) being ar- 
ranged in said area into which said measure- 
ment gas is introduced after being subjected to 
said pumping process performed by said main 
pumping means (68), for providing, by conver- 
. sion, said electric signal (Ip2 or V2) corre- 
sponding to said amount of oxygen contained 
in said measurement gas after being subjected 

• to said pumping process performed by said 
main pumping means (68), wherein: 
said second measuring electrode (74) is com- 
bined into a common unit with said second de- 
tecting electrode (74). 

14. The sensing device according to any one of claims 
1 to 13, wherein: " - : r: . 

said main pumping means (68) includes inner 
:: ■'. and outer pumping electrodes (64, 66) formed 
- -y at the inside and the" outside of a first chamber 
(54) surrounded by substrates composed of 
solid electrolytes (52a, 52b, 52c), for introduc- 
'■■ ing said measurement gas thereinto, and said 
; ' substrate interposed between said both elec- 
trodes (64, 66); and - ; "v ' - ■ > - 
. said electric signal-generating conversion 
! means includes said detecting electrode (82 or 
1 02) formed at the inside of a second chamber 

* (56) surrounded by substrates composed of 
solid electrolytes (52a, 52b, 52c), for introduc-. 
ing said measurement gas thereinto after being 
subjected to said pumping process performed 
by said main pumping means (68), a reference 
electrode (74) formed at the inside of a refer- 
ence gas -introducing space (62) su rrounded by 
substrates composed of solid electrolytes (52a, 
52b, 52c or 52c, 52d, 52e), for introducing a ref- 
erence gas thereinto, and said substrate inter- 
posed between said detecting electrode (82 or 

. 102) and said reference electrode (74). 

15. The sensing device according to any one of claims 
9 to 14, wherein said concentration-measuring 

so means (76) includes: 

a measuring electrode (72) formed at the inside 
of a first chamber (54) surrounded by sub- 
strates composed of solid electrolytes (52a, 
52b, 52c), for introducing said measurement 
gas from said external space thereinto; 
a reference electrode (74) formed in a refer- 
ence gas-introducing space (62) surrounded by 



12. The sensing device according to any one of daims 
9 to 11 , wherein said second measuring electrode 55 
(74) is arranged at a position exposed to a space 
(62) into which said reference gas is introduced. 
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substrates composed of solid electrolytes (52a, 
52b, 52c or 52c, 52d, 52e), for introducing a ref- 
erence gas thereinto; and 
said substrate interposed between said meas- 
uring electrode (72) and said reference elec- 
' trode(74). ' , -■.•■>..;■ 

16. The sensing device according to claim 14 and 15, 
further comprising: 



10 



a first diffusion rate-determining section (58) for 
giving a predetermined diffusion resistance to 
said measurement gas, provided at a passage . 
for introducing said measurement gas from 
said external space into said first chamber (54); *5 
and , 

a second diffusion rate-determining section 
(60) for giving a predetermined diffusion resist- 
ance to said measurement gas, provided at a 
passage for introducing said measurement gas 20 
into said second chamber (56) after being sub- . 
jected to said pumping process performed by 
said main pumping means (68). 

17. The sensing device according to any one of claims 25 
. 14 to 16, further comprising a third diffusion rate- 
determining section (110) for giving a predeter- 
mined diffusion resistance to said measurement 
. .. gas, provided at a passage for allowing said meas- 
urement gas in said second chamber (56) to ap- 30 
preach said detecting electrode (82 or 102). 
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